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Two of the tnajor cutaneous consequences of ultraviolet 
(UV) radiation exposure are immunosuppression and the 
developtnent of skin cancer. This study examined whether 
these effects are genetically determined. Suppression of 
contact hypersensitivity by local, low- dose UV radiation 
was exatnined in what have been termed "UV-suscept-
ible" and "UV-resistant" strains of mice. C3H/HeJ mice 
("UV resistant") were resistant to the adverse effects of 
low-dose UV radiation when nonnal doses of hapten 
were applied to UV- irradiated skin; however, they were 
sensitive when the amount ofhapten used for sensitization 
was reduced. A similar effect was observed in BALBI c 
n'lice ("UV resistant") and when the hapten was ditnethyl-
benz(a)anthracene, thus indicating that the genetic vari-
ation was not strain or hapten specific. Despite the fact 
that some strains were sensitive and sotne were resistant 
P ersuasive evidence exists to support th e concept that a selective ultravio le·t · (UV) -indu ced defect in cell-mediated immunity plays a perm.issive role 111 the growth and developm ent ofUV~induced tumors (Kripke, 1974; C ru z, 1995; E lm ets et nl, 1995; Grabbe and Granstei n, 1995). In 
mice, th ese ca ncers are hjghly antigenj c, despite the fac t that they grow 
progress ively wh en ·transferred to syngeneic recipients exposed to 
subca rcinoge njc doses ofUV radiatio n. Subversion of immune surveil-
lance towards th ese tum.ors is mediated at least in part by antigen-
specifi c suppressor T lymphocytes that develop after UV exposure 
(Fisher and Kripke, 1982). 
Ultraviolet B (UVB) radiatio n also adversely inAu ences the indu ction 
of contact and delayed type hypersensitivity responses, and it is th ese 
responses, rath er than the immune response to UV-induced tumors, 
that have been empl oyed for anal ysis of the compl ex mechanisms by 
w hich UV radiatio n interferes with immunologic fun ction (Toews 
ct a/, 1980; C ruz, 1995). It is now kn own that UV-indu ced immun e 
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to low-dose UV radiation when high doses of hapten 
were employed, all strains initially sensitized to hapten 
through UV-irradiated skin were found to be unrespons-
ive when rechallenged on nonnal skin, no tnatter what 
the initial sensitizing dose of hapten was. To detennine 
whether other biologic effects of UV also exhibited 
genetic variation, C3H/HeN and C3H/HeJ mice were 
compared for susceptibility to UVB-induced skin cancer 
formation. C3H/HeJ mice developed significantly more 
tumors than C3H/HeN mice when subjected to a single 
dose of UV radiation followed by repeated exposure 
to the tumor protnoter 12-0-tetradecanoyl-phorbol- 13-
acetate. These studies provide strong evidence that gen-
etic factors influence individual susceptibility to the biol-
ogic effects ofUV radiation. Ker wo·rds: immunosuppression! 
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suppression can occur loca lly or systemically (Cru z, 1995). A relati vely 
low dose ofUV radiadon is all that is required to produce immunosup-
pression if th e antigen is appEed directly to the UV-exposed skjn site 
(local, or low-dose, immune suppression). On the other hand, when 
a greater UV dose is admjnistered, immunosuppress ion results even if 
the antigen is appEed to a non-UV exposed skjn site (systenuc, or 
high- dose, immune suppress ion). 
Not aLl strains of mi ce exposed to low doses of UV radiation develop 
a suppressed contact hypersensiti vjty response, a finding that has Jed 
to separation of mice into w hat have been termed "UV-suscept.ible" 
an d " UV-resistant" strains (Strei lein and Bergstresser, 1988; Yoshikawa 
and Streilein, 1990). Po lymorphisms in th e lipopolysaccharide and 
tum or necrosis fi1ctor-O: (TNF-o:) genetic loci are responsible for this 
disparity (Yoshikawa and Streilein, 1990). 
Both geneti c loc i impli cated in strain variati o n in UVB-indu ced 
suppression o f2 ,4-dillitroAuorobenzene (DNFB) contact hypersensitiv-
ity pla y an important role in controlling produ cti on of the cytokjn e 
TNF-o:, in response to selec ted stimuLi (Vogel, 1992). Additiona l 
evidence has accru ed that TN F-0: is an important mediator of at least 
some of th e immun osuppressive effects of UV radiation (Yoshikawa 
and Streil ein , 1990, 1990/ :1991 ). This includes experiments in which 
UV- indu ced suppression o f contact hypersensitivity was blocked with 
anti-TNF-0: antibod ies. Recently, UV-indu ced suppression of DNFB 
contact hypersens itivi ty has been shown to be dependent o n the dose 
of l1apten applied to the skin (Miyau chi and Horio, 1995). When 
greater amounts of th e rea cti ve hapto::n DNFB are applied to low-dose 
UV-irradiated skin, less suppression of the contact hypersensiti vity 
response takes place . 
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In contrast to what is known abo ut genetic di ffe rences in th e ce ll -
m ediated immune response to UV radiation, little is known about the 
geneti c differences in volved in the d evelopment of UV- induced skin 
cance r. tn o ne of the few studies examjnjng thjs issue, no iliffere nces 
in the develo pment of UV-induced tumo rs was o bserved in inbred 
strains of nuce subj ected to chro njc UV rad iation (Roberts et a/, 1984). 
In thi s inves tiga tion , we have addressed the issue of genetic va riatio n 
in response to UV radiation. W e have fo und tl1at the C3H / H eJ and 
BALB/C mi ce, w hich l1ave been classified as "UV resistant," are 
actually susceptible to th e immunosuppress ive effects o f UV radiatio n 
w hen smaller doses of hapten are e m.ployed . W e also evaluated w hether 
genetic differences in the UV response were present so lely wh en 
immune responses were exa.mined or w heth er other bio logic effec ts 
of UV, such as carcinogetu city, also exhibited gen eti c diffe re nces in 
C3H / H eN and C3H / H ej mice. 
MATERIALS AND METHODS 
Animals C31-:! / HeN and DALB/C mice (ad ul t fe male, 5-8 wk old) were 
purchased from Charles t<._iver Breeding Laboratories (Kensington, NY) . C3 H/ 
HeJ mice we re obtained front Jackson Laborato ri es (Bar Harbor, M.E). 
Chemicals DNFB \-vas purchased fi·ont Sigma (St. Louis, MO) and was 
disso lved in an acetone:o li ve oil (4:1) solu tion . 7,-12-dimethylbenz{a)anthracene 
(DMBA) was obtained ft·om Aldrich (Milwaukee, W I) and was dissolved in 
ace tone. The concentrations employed are indica ted in the Results sec tion. 1.2-
0-tctradecanoyl-phorbol- 13-acetate (T PA) was obtained from Sigma and was 
disso.l ved in ace tone. All chemicals we re made fres hly each time they were 
needed and were of the highest purity commercially availab le. 
UV radiation for contact hypersensitivity The UVB source was a bank 
of four FS-20 Auorescent sunlamps (National Biological orporation, Twins-
burg, 0 1-:!) with an emission spectrum of 290-320 11m and a peak at 313 nm . 
T he irradiance of these lamps was 8.0 X l 0-5 W per cnt2 at a distance of30 em. 
The UVB output was measured by an IL700 radiometer with 3n SEE 
240 UVB photodetector, 103 ftlter, and 1008 diffuser {International Light, 
Newburyport, MA). In the experimental group, the abdomens of mice were 
razor shaved and then irradiated with 700 J UVB per m2 dai ly for four 
consecutive days. During irradiation the pinnae of ears were covered with 
Gtrdbo~ rd. First sensiti zatio n w ith contact sensiti zer \Vas initiated inunediately 
after the final exposure. 
Induction and elicitation of contact hypersensitivity For DM BA contact 
hypersensitivity, mice were sensiti zed with 100 Jll of a solution containing 25, 
50, or 100 !lg of DMBA applied epicutaneously to the shaved abdomina l skjn 
as described previously (Klemme et fl l, 1987) . The site of hapten applica tion 
was dressed with an o"·ygen and vapor permea ble bandage (DioOcclusive, 
Johnson & Johnson Medi ca l, Arlington , TX) and was removed at the time of 
ear chaLlenge. Eli citation of contact hypersensitivity was performed by applying 
20 Jll of a 0.1% {20 j..Lg) DMBA solution to the surf.1ce of the ear on day 5. 
In experiments in which DNFB was employed 3S the contact sensiti zer, mice 
were immunized by applying 25 ~ll of a solu tion containing 12.5 or 125 Jlg 
DNFB to the shaved abdomen on day 0 and aga in on day 1 without occlusion 
(Phanuphak et nl, 1974). In some experiments, as indi ca ted in the R eslllt .(, the 
site used for DN FB sensiti zation was occl uded with the same oxygen and va por 
permeable dressing used for the DM.BA experiments. When this regimen was 
employed, mice were given a single dose of 12.5 or 125 j..lg DNFB on day 0. 
Elicitation of DNFD contact hypersensitivity was performed by :tp!Jiying 20 Jll 
of 0.2% (40 Jlg) DNFB solution on the surface of the ear on day 5. 
For both contact sensiti ze rs, rnice that were ea r challenged but were not 
sensitized on the abdomen, served as negative controls. In every experiment, 
ea r thickness was measured ptior to ea r challenge and then dai ly for 5 d after 
challenge. Measurements were performed with a dial thickness gauge (Mitutoya, 
Tokyo, Japan). The n~a_,;mum increase in ear thickness after ea r challenge 
compared with the prechallenge ear thickness measurement was used to 
quantitate the contact hypersensitivity response. R esults are expressed as the 
maximum increment in ea r thickness ::':: SEM over the 5 d during which ear 
sweLling measurements were made. All pands of mice consisted of at least four 
mice per pattel. 
Assessment of unresponsiveness to DNFB following UV radiation 
exposure For the purposes of this paper, unresponsiveness is defined as 
suppression of the contact hypersensitivity response in UV-irradiated mice 
trea ted with the contact sensiti zer compared wi th mice treated in an iden.tical 
manner except that they were not irradiated. T he sha ved abdominal ski n of 
panels of mice was exposed to 700 J UV radiation per m2 daily for four 
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consecutive days (day -3 to day 0) (Toews ct nl, 1980; Eimers et nl, 1983). 
Immediately after the fi nal UV exposure and on the next day (day 0 and day 
I), 12.5 or 125 ~L g DNFB was app lied to the irradiated skin site. On days 14 
and 'IS. animals were resensiti zed with 125 j..lg of DNFB on the dorsa l skin 
surf.1ce, i.e., an area of skin that had not been exposed to UV radiation. Four 
d bter {day 19) an.imals were ea r challenged with 40 j..lg of DNF.I3. Ea r 
th ickn ess \vas n1e~sured in th e s:une man ner as fo r th e m casure n1 ent of contact 
hypersensitivity. T he per cent of suppression was determ.ined acco rd ing to the 
fo ll owing fO rmul a: 
% suppression = I 00 X [(ea r swelling in positive controls- ear swelling in the 
UVB-exposed pand )/ (ear swel ling in the positi e controls- ear swelling in the 
neg:ni ve co ntro ls)] 
UV tumorigenesis protocols Panels of female mice consisting of 20 mice 
per panel were treated with one of two protocols. In the chronic UV-i rr:Jdiation 
protocol (fi rst protocol), mice were treated with 80 J UVB radiation per nt 2 
fi·om a ba nk of fo ur Westinghouse FS-40-T 12 Auorescent sunlamps {National 
Biologica l Corporation). T hese bmps have a peak output of 3 14 nm and emit 
80% of their radiation in the 280-320 nm range. O utput was moni rored 
regularly with an IL 700 R esearch lbdiometer coupled to an SEE 240 
phorodetecto r, I 03 fi lter, and I 008 diffuse r (International Light). O utpu t .in the 
UVB ran ge w:1s = 5 W per m 2. Attimals \vere irradiated three tinH:s weekl y ar 
a tube-to-target distance of 23 em. In the UV-initiation, TPA promotion 
protocol (second protocol), mice were treated with a si ngle in itiating dose of 
800 J UVI3 per m2 O ne wk later, TPA (Sigma) treatment of the UV-irrad iated 
site was started :1t a dose of 40 nn tol. Animals were treated with TPA biweekly 
for 35 wk. A.ll animals were exam.ined weekl y for the presence of tumors. Only 
tumors with a diameter of I nun or gre:Jter, that were present for at least 2 
w k, \ Vt:re counted. 
RESULTS 
"UVB-resistant" strains of tnice are senstttve to the itnmuno-
suppressive effects of low-dose UV radiation when the amount 
of hapten applied to UV-irradiated skin is lowered Stra.ins of 
mice va ry in their susceptibili ty to low-dose immunosuppressio n. 
C3 H / H ej and BALB/ C mice have been termed "U V resistant" 
beca use they exhibit little redu ction in DNFB contact hypersensiti vity 
w hen th e dose of hapte n con ventionally employed for immuniza tion 
(25 J..LI of a 0.5% solutio n dai ly fo r rwo consecutive days; 125 ~Lg 
per day) is appli ed to low-dose UV-irradiated skin (Strei.l e in and 
Bergstresse r, 1988) . fn co ntrast, C3 H / H eN nuce have been classified 
as being " UV susceptible" because they develop a suppressed 
immun e re po nse under the sa m e cond itio ns. It has recently been 
reported that th e degree of immunosuppress io n that occurs fo Ll owing 
low-d ose UV radiati o n is depende nt o n th e amount of hapten 
applied to the UV-irradiated ski n site (Miya uchi and H o ri o, 1995). 
As th e d ose of hapten i in creased, less immunosuppressio n o ccurs. 
This o bsen mtion sugges ted to us that the reason "UV- res istant" 
strains of mice develop a normal contact hyp ersensitjvity response 
fo ll owing low-dose UV radiatio n might be du e to the fac t that ~n 
excessive am o unt of DNFB was used for immunization . W e reasoned 
that if the dose of DNFB was lowered , "UV-resistant" strains mi ght 
actually exhi bit a suppressed com ac t hypersensitivity response. To 
test this hypothesis, separate panels of C3 H/ HeJ and BALB/ C mice 
were sensitized with eith er 0.05% (12.5 f • .tg pe r day) o r 0 .5% 
(125 ~l g per day) DNFB. When a dose of 125 ~Lg (25 J..LI of 0.5%) 
DNFB was g iven daily for two consecu tive days, 'w hich is the 
am ount of I NFB that is normally used fo r co ntact sensitizati on , 
th ere was little if any reduction in contact h ype rsensitivity in C3 H / 
H eJ and BALB/ C mice treated with the low-dose UV-radiation 
protocol (Fig 1a). In con trast , w hen th e dose of DNFB was 
reduced , both strains develo ped a suppressed response (Fig 1b). 
T hus, th e resistance of 3 H / H eJ and BALB/ C mi ce to low-dose 
UV-indu ced suppression o f c ntact hypersensitivity was du e in parr 
to th e relati ve ly large dose of DNFB e mpl oyed for immuni zatio n. 
Increased doses of hapten reduce low-dose UVB-induced sup-
pression of contact hypersensitivi ty in C3H/HeN mice 
Expe rim ents were also conducted to dete rmin e w hether suppression 
of the co ntact hypersensitivity response could be averted by in creasing 
the dose of hapten in C3H / H eN nuce . C3H / H eN mice exhibited a 
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Figure 1. Decreasing the dose of DNF.B used for sensitizai ~ on renders 
.BAL.B/C and C3H/ HeJ mice susceptible to the immljnosuppressive 
effects oflow-dose UV radiation . BA.LB/C or C3H/ HeJ mice were exposed 
to 700 J UVB per m2 for fo ur consecutive days. Immed iately ~ fter the fi n ~J 
exposure and the next day, sensitiza tion was performed by applying 25 !J.I of 
(a) 0.5% or (b) 0.05% DNF.B ro the irrad iated skin site. Four d later they were 
challenged by applyin g 20 p.l of 0.2'){, DNFB to the right e~ r. The resul t~ 
represent th e maximum increment over 5 d. D~ta ~ re expressed as me~n ± SEM 
(X 10-2 mm). *p < 0.05 compared with unirr~d i a ted group. Oa t~ are fi·om 
one of three represe nt~t ive experiments. 
45')1, redu ctio n in the contact hypersensitivity response w hen the dose 
of DNFB that is normall y employed for sensiti zation (125 IJ.g dai ly for 
two consecuti ve days) was appli ed to low-C:·:--c UVB-irradiated skin . 
In expe1·iments in w hich the dose of DNFB for immuni za tion was 
in creased to 625 !J.g dai ly (25 J..l g of a 2.5% soluti on daily for two 
consecutive days), less suppression of contact hypersensitivi ty was in 
fa ct observed (data no t shown) ; however, the magnitu de of the DNFB 
contact hypersensiti vity response w as reduced even in normal skin 
w hen this supraop timal close of DNFB was empl oyed, making the 
results difiicuJt to interpret. This is consistent with the obse rvatio ns of 
others (Cbman et a/, 1.980). In o rder to circum vent this problem, the 
site used for DNFB sensitiza tion was occluded with a wa te r and vapor 
pe r111 eab le bandage. In previous studi es, it has been shown th at 
occl usio n with a bandage will effec ti vely in crease th e sensiti zing 
capacity of a give n hapten (Tige laar ct a/ 1982; Klemm e ct a/, 1987). 
Separate panels of C3 1-1 / HeN mice were exposed to 700 J UVB per 
m2 daily on th e shaved abdomen for four consecutive da ys. Immediately 
afte r the final UV exposure, 25 J..i.l of0 .5% DNFB ('125 !J.g) was applied 
~o th e irradiated skin site , w ith or without occlusio n. Five cl after that, 
elicitation of the response was performed by applying DNFB to the 
ear. When th e app lication site was no t occluded, 91.1% suppressio n 
was observed . Occl usion resulted in sign.i£ ca ntly less suppression 
(32 .8%, p < 0.05) (Fig 2a). 
A similar eHect was observed wh en a to tally different hapten was 
employed for immuniza tio n. Wh en 25 J..l.g of DMBA was painted on 
low-close UV- irracliatecl skin of C3 1-1 / HeN mice, signiftcantly greater 
suppressio n ofthe ear swelling respo nse occurecl than in mice in whi ch 
100 J..l.g of DMBA was appli ed (Fig 2b). 
T hus, with two d ifferent contac t se nsitizers, suppression of co ntact 
hypersensitivity could be overcome by in creasing the dose of reacti ve 
hapten applied to UV-irradiatecl ski n . 
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Figure 2. Suppression of contact hypersensitivity by UV.B can be 
partially overcome in C3H/HcN mice by increasing the dose of hapten 
applied to the low-dose UV-irradiated ski11 site. C31-I/ HeN mice were 
exposed to 700 J UVB per cn 2 for four consecuti ve days . Sensiti z~t io n was 
performed immediately after the fina l exposure. (11) Twenty-five micro li ters of 
0.5% DNFB was app lied to the irr~diated site with or with out occ lusion. Five 
d later they were challenged by applying 20 ~LI of0.2% DNFB to the 1ight ea r. 
(b) One hundred microliters of 0.025%, 0.05%, or 0. 1 'X> DMBA was applied 
to the i1-r~d i ated site. Five d later they were challenged by ~ ppl yi n g 20 pi of 
0. 1% DMBA to the right e~ r. The results represenr the max imum increment 
in e~ r thickness over 5 d. Data are expressed as mean ± SEM (X 1 o-2 cnm). 
*p < 0.05 compared with unirr~dia tcd group. Data are fi·om one of Ll1ree 
represe n t~tive experiments . 
C3H/HeN, C3H/HeJ, and BALB/C m..ice all become tolerant 
to hapten when it is applied to a low-dose UV-it:radiatecl skin 
site Previous studies have shown that in C57BL/6 and C3 H / H eN 
mice conventi o nal sensitizing closes o fDNFB appli ed to UV-irracliated 
skin .result in anti gen-sp ecific unresponsiveness . In o ther words, th ese 
strains are unabl e to m ount a nonn a.l response to DNFB even w hen 
attempts are made to resensiti ze th em (Toews et a/, 1980; Elrnets ct a/, 
1983). Beca use increasing the dose of antigen enhanced the ca pacity 
of anima.ls to mount a.n immun e response o n first exposure to anti gen, 
experiments were condu cted to dete rmin e whether, by in creasing th e 
dose of hapten, UV-indu ced unresponsiveness could be preve nted. To 
do this, C3 1-l/l-l eN , C3 1-1 / Hej, and BALBI mice were exposed to 
700 J UV per m2 dai ly for fo ur co nsecuti ve clays . lmm ecl i;Hely afte r 
the fin al treatment and 24 h b te r, 25 J..ll of 0.5% (125 J..l g) DNFB was 
app lied to the irradiated skin site. Fo urteen and again 15 cl bter 
attempts were made to resensiti ze the mice with 25 J..ll of0.5% ( 125 J..lg) 
DNFB on th e unirracliatecl back skin. Th e ears of these mi ce were 
then. cbaiJenged 4 d late r and the in crement in ear swelling response was 
measured over subsequ ent days. C3 H / H eN mice that had developed a 
suppressed ear swellin g response w hen this close of DNFB was applied 
to UV-irracliatecl skin, were found to develop unresp onsiveness on 
resensitization (Fig 3a). Umesponsiveness was also induced in C3 H / 
Hej and BALB/C mice (Fig 3a) despite the f:1ct that they had little 
redu cti on in contac t hypersensitivity when this close of DNFB was 
painted on low-close UV- irradiated skin , co nfirming previous reports 
(Glass ct al, 1990). All strains were found to ex hibit umespo nsiveness 
when 0 .05% DNFB was applied to UV- irradiated skin as we ll (Fig 3b) . 
Thus, although some strains developed a relative ly normal contact 
hypersensitivity response to DNFB and some exhibited a suppressed 
VO L. 109, NO. 6 DECEM13ER 1997 
a. 
35 
b. 
30 
e 
~ 25 
E. 
% suppression: 
%suppression: 
79.3 
C3HIHON 
82.3 
BALB/c 
O neg. control 
c:J vnlrradlated 
f;] UVB Irradiated 
0 neg. control 
EJ unlrrndlatod 
29 UVB Irradiated 
Figure 3. UVB exposure induces unresponsiveness in C3H/HeN, 
BALB/C, and C3H/HeJ mice. The shaved abdomens o f C3 H/ HeN , BALBI 
C, or C3 1-1 / l-l ej mice were exposed to 700 J UVB per m2 for fo ur consecuti ve 
days. Immediately after the fi nal exposure and the next day, seilsitization was 
perfo rmed by app lying 25 ~ll of (a) 0.5% DNFD or (b) 0.05% DNFB to the 
irradiated sire. Fo urtee n and 15 d late r. they we re resemitized with 25 ~I of 
0.5% DNFB on the unirradi:1ted shaved dorsal skin. Four dafter that r.hey were 
challenged by applying 20 ~I of 0 .2% DNFl:l to the right ea r. Data are expressed 
as mean ± SEM (X I o-2 mm). *p < 0.05 compared with unirradiated group. 
Data are fi·o 1n one of two representative experi111 ents. 
respo nse when it was app lied to low-dose UV-irradiated ski n, aU strains 
became unresponsive to DNFB and had a redu ced response to hapten 
on re-exposure. 
C3H/HeJ mice are more susceptible to UV-induced tum.origen-
esis than are C3H/HeN n'lice Experiments were next performed 
comparing the ca rcinogenic effect of UV radiation in C3H / H ej and 
C3 H / HeN mi ce to determin e whether biologic effects, other than 
suppression of the cell -mediated im mune response, also ex h.i bited 
genetic difFerences in susceptibili ty to UV radiatio n. Two different 
protOcols were employed. In o ne of these, anim:tls were subj ected to 
chro ni c UV radiatio n (800 J per m2) three times per week for 35 wk. 
In th e other, animals were treated with a single dose of 800 J UV per 
m2 One wk later, th e animals were treated bi-weekly with 40 nmol 
T PA. This second regimen was employed beca use of concern tha t 
excessive exposure to UV radiation might mask differences betwee n 
the two strains. No difference in the developmem of tumors in th ese 
two strains was observed w hen animals were subj ected to the chro ni c 
UV- irra diation protoco l (Fig 4); however, w hen anima ls were subj ected 
to a single exposure to UV radiation foLlow ed by repeated appli ca tion 
ofTPA to the irradiated skin site, significant strain di ffe rences in UV-
indu ced skin tumorigenesis were o,bserved . C3 H / HeJ m ice developed 
significan tly greater numbers of tumors than did C3 H / H eN (Fig 5). 
It should be noted that in previous studies we have shown that there 
is no differe nce in C3.H / H eN and G3 H / H ej mice in th eir response 
to TPA (Elm ets cl a/, 1. 992). Therefore, it is likely that the difference 
in tumorigenesis in these two strains is caused by a strain difFerence in 
the response to UV radiation. 
D ISCUSS ION 
An extensive analysis has clearly shown that there are clear-cut genetic 
differences in the contac t hypersensiti vi ty response when attempts are 
GENETIC VARJ AT ION IN UV- INDUCED IUSPONSES 719 
a. 60 
50 
• ~ 40 
! 30 
E 
! 20 
It 
10 
10 15 20 25 30 35 40 
weeks atter UVB exposure 
b. 0.7 
0.6 
0.5 
~ 
~ 0.4 
~ g 0.3 
~ 
0.2 
0.1 
10 15 20 25 30 35 40 
woeks al!er UVB exposure 
Figure 4. C3H/ HeN and C3H/ HeJ mice do not differ iu the 
development oftmnors when exposed to chronic UVB radiation . Panels 
of C3 H/ HcN and C3 1-1 / Hej mice we re exposed to 800 J UVI3 per m2 tHree 
times per week for 40 wk. Animals we re examined week ly for the devclopmem 
of tumors. T he data rep resenr the pe rcentage of mice with r.umon; (a) and the 
number of tumors pe r mouse (b) . 
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Figure 5. C3H/HeJ nuce are n~ore susceptible to the carcinogenic 
effects ofUV radiation that1 C3H/ HeJ nuce when subjected to a UVB-
initiation, TPA promotion protocol. Panels of C3 H/ HeN and C3 H/ Hej 
mice were exposed to a single dose of800 J UVB per n} fol.l owcd by b.iweekly 
applications o f the tumor promoter TPA fo r 40 wk. Animals we re exan1ined 
weekl y for the development of tumors. T he dab represent the percentage of 
m.ice with mmors (a) and the number of mmors per mouse (b). 
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made to sensitize mice to DNFB through low-dose UV-i rradiated 
skin. In particular, it has previously been reported that the cell-
m ediated immune system of C3H/ H eN is more susceptible to th e 
immun osuppressive effects of UV racliation than C31-:l / l-:l ej mice 
(Stre ilei n and Bergstresser, 1988; Yoshikawa and Streilein , 1990). In 
those studies, attempts were made to sensitize these two strains with 
doses of DNFB that are conventionally employed for immunization. 
When applied to .l ow-dose UV-irradiated skin, C3 H/ Hej n'li ce were 
noted to develop a norma l contact hypersensitivity response w hereas 
C3 1-l / HeN mi ce were unable to do so. Because UV- induced immuno-
suppress ion has been postulated to contribute to the growth and 
develop ment of UV-induced tumors (Kripke, 1974) , it has been 
proposed that genetic differences in UV-incluced suppression might be 
one factor that accou nts fo r individual variatio n in the development 
of UV- indu ced skin cancer. 
T he amounts of hapten used for immuni za ti on, includin g those 
descri bing a strain vniation in sensiti vity of the immune system to UV 
racliation, are substantially greater than w hat is necessa ry for contact 
sensitiza ti o n (Sullivan et a/, 1990; Kurimoto et a/, 1995) . M ore recent 
stuclies have fo und that th e degree to w hi ch the immune response is 
suppressed fo llowing low-dose UV rad iation depends o n the amount 
of hapten that is employed for induction of contact hypersensitivity 
(Miya uchi and Hoti o, 1995). T his ra ised th e possib ili ty th at the strain 
variation that had been observed in C3 H / H eN and C3 1-1 / HeJ mi ce 
n'light be different if the amo unt of hap ten app lied to UV- irrad iated 
skin w:1s reduced. Although we fo und the same pattern of UV 
susceptibil ity ( 31-1 / HeN) and resistance (C3 H / HeJ) w hen standard 
sensitizing doses ofDN FB were employed, both strains were susceptible 
when th e close of DNFB used for immuniza tio n was lowered. T l'lis 
observation was not specific for DNFB, because a similar hap ten dose 
response pattern was observed with DM.BA contact hypersensitivity. 
Moreover, when the sensitizing dose of DNFB was decreased in 
BALB/C mi ce, a strain that has also been termed "UV resistant," th ey 
were fo und to be VV suscepti b.le as well . T hus, the findings were not 
confin ed to one mo use strain or to o ne co ntact sensitizing agent. T hese 
results suggest that contact hypersensitivity can be suppressed by low-
dose UV radiati on in all strains of mi ce if the amount of hapten 
administered is low enough. In other words, strain differences are 
observed only w hen excessive amounts of hapten are used for immun-
iza tion. T he implica tions of this for the immunopathogenesis of UV 
carcin ogenesis are unknown at this time because the antigen to which 
the immune response is directed and the extent to which it is expressed 
on UV- irradiatcd skin cells is un known. At the very least, the terms 
"UV susceptible" and "UV resista nt" in this co ntext need to be re-
in terpreted. 
Precisely how in creasing the dose of hapten is able to subvert the 
abi lity ofUV radiation to suppress the contact hypersensitivity response 
is unclear. It may be that as doses of hapten are in creased, any remai nin g 
anti gen-presenting cells present at the UV-irrad ia ted site are better able 
to present the topically app lied compound. Alternatively, recent studies 
have demonstrated that dennaJ antigen- presenting cells play a mu ch 
more important ro le in the in du ction of contact hypersensiti vity 
responses as the dose of topi cally applied hapten is in creased (Kurimoto 
eta/, J 995). It is therefore possible that, with larger doses of hapten, a 
set of UV-resista nt anti gen-presenting cells operates to initiate the 
contac t hypersensiti vity response. 
It is important to emphasize, though, th at even in those strains of 
mi ce that exhi bit a normal co ntact hypersensiti vity response fo llowing 
low-dose UV racliation , the imm unologic circuitry is still perturbed 
no matter w hat amount of antigen was app li ed. C3 H / H ej mi ce, trea ted 
with a standard sensitizing dose of hapten (i.e., a dose of hapten that 
resulted in a normal ear swelli ng respo nse), w hen resensitized 2 wk later 
with th e same hapten on normal skin , developed an immunosuppressed 
respo nse. These results are similar to those of Glass c/ a/ (1990). T his 
wou ld lend fu rther support to the hypothesis th at the activation 
path ways for induction of helper and regulato1y T-ce ll subsets are 
distinct (G lass ct a/, 1990; Shimizu and Streilein , 1994; Hammerberg 
et a/, 1994) . 
In humans, th ere is considerable variation in susceptibili ty to UV-
indu ced squamous cell carcinomas of th e skin . At least part of this is 
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du e to pigmenta1y differences among indi viduals; however, even when 
this is taken into account, differences are still present (Schmi eder et a/, 
1992). Although so1ne headway has been made in identi fy ing the 
responsi ble genetic factors, progress has been impeded because th ere 
has not been a murin e model with which to in vestigate this issue. 
Prior studies that have investi ga ted the role of UV radiation in th e 
pathogenesis of skin cancer have exposed mice chronica lly to UV 
radi:1tion (Roberts et a/, 1984). Using that protocol , no clifierence 
among strains was observed. In the studies reported here, equivalent 
numbers of tumors were found in C31-l/H eN and C3!-l/ H eJ mice 
also subjected to a chro ni c UV irradiation protocol. I r is possible th at 
the massive cumulative doses of UV radiation required to generate 
tum ors masked any geneti c diA-e rences among strains. To circu mvent 
that problem, add iti onal animals were exposed to a single dose of UV 
radiation followed by multip.le closes of the tumor promoter TPA . 
When trea ted in this manner, C3 I-l / H eJ mice developed significantly 
more tumors than C3 H / H eN ntice. We ha ve previously reported that 
both C3 H / H eN and C3H / I-I ej n'li ce have an identical respo nse to 
TPA-in duced ornithine decarbm,:ylase activation (Elmets et a/, 1992) . 
T hus, the difference in tumor .in cidence usin g this latter protocol was 
probably caused by differential effects of UV radiation in th ese 
two strains. 
Skin cancers caused by UV rad iation progress through an orderly 
sequen ce of events in which molecular and biochem.ical alterations 
gradua Ll y accumulate in target cells (M ukhtar and Elmets, 1996) . In 
th e first stage, termed tun10r initiation, UV racliation produces mutations 
in the DNA of keratinocytes. In the second stage, called promoti on, 
tu mor promoters, such as UV radiation o r T PA, increase tl1 e pro Li fe ra-
tion and expansio n of these mutated cells through additional biochem-
ical changes. The end result is the develo pment of premalignant 
papil.lo mas (actinic keratoses). In the third stage, called progression, 
additiona l genetic changes occur that resul t in a small percentage of 
premali gnant lesions becoming invasive carcinomas. T he p ro tocol 
employed here to demonstrate that there are differences in the 
development of UV- induced skin tumors in C3H/I-leN and C3 H/ 
Hej mice used LJV radiati on as a tumor initiator to produce mutations 
in keratin ocytes. T hus, the differential susceptibi.l ity amo ng these tvvo 
strains is li kely to be due to differences in the number of mutant ce l.ls 
that can ultimately develop into skin cancers. Because the only 
ditference between these two strains is at the lipopolysaccharide locus 
that controls production of immunologic cytokines such as TNF-a 
(Vogel, 1992), it seems reasonable to speculate that mutagenic doses of 
UV radiation augm ent cytokine produ ction or effector mecha1'lisms 
th at are then cytotoxic for keratinocytes that possess mutati ons. T his 
would lead to an overa ll redu ction in the number of mutant cells that 
coul d go on to become clini ca Ll y apparent skin tumots. In this regard , 
UV- indu ced cytokine productio n would provide a beneficial effect to 
the indi vidual . Deficient cytokine prod uction in C31-1 / H eJ mice 
compared with C3H / H eN mi ce might explain w hy that strain ulti-
mately would develop more UV-induced tumors. It is important to 
emphasize, however, that there are several other potential explanations 
for this observation. 
This work 11ms SII)J)JOI'tcd by N JI'l gm11ts AIU9750, CA57643, CIJ48735, 
CIJ 73096, a uri CA5 '/802. T/1c a11tlwrs wish to admmulctlge the excel/cui seaelarial 
assistauce ~{ Nlngdaleu Struric. 
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